Chemical modification of Torpedo acetylcholinesterase by disulfides: appearance of a "molten globule" state.
Modification of Torpedo californica acetylcholinesterase (AChE) both by bis(1-oxy-2,2,5,5-tetramethyl-3-imidazolin-4-yl)disulfide (biradical) and by 4,4'-dithiopyridine, via a thiol-disulfide exchange reaction, was monitored by EPR and optical spectroscopy, respectively. Incubation with these reagents caused complete loss of enzymic activity. Treatment with glutathione of AChE modified by either of the two disulfides led to rapid release of the bound reagent with simultaneous regeneration of the single free thiol group of the enzyme. However, no concomitant recovery of catalytic activity was observed. SDS-PAGE showed that both the modified and demodified enzymes retained their structure as a disulfide-linked dimer. Circular dichroism revealed that modification of AChE by the disulfide agents with or without demodification by glutathione led to a complete disappearance of the ellipticity in the near-UV and to a much smaller decrease in ellipticity in the far-UV. The CD spectra observed are typical of the "molten globule" state of proteins. 1-Anilino-8-naphthalenesulfonate binding measurements and an enhanced susceptibility to trypsinolysis supported the supposition that chemical modification had transformed native AChE to a "molten globule".